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(Title of the Invention) COMPOSITE MATERIAL 
(Summary) 
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(Purpose) 

The main purpose of this invention provide a composite material that has the same light 
weight as wood as well as excellent physical properties. 

(Constitution) 

Composition material 19 is provided with a sandwich structure having a core material 1 1 
made of thermosetting resin foam such as rigid urethane resin foam, and surface materials 12a, 
12b laminated in an integrated manner at one side as well as at the side opposite thereto of the 
core 1 1 . The surface materials 12a, 12b are FRP materials in which the same thermosetting resin 
foam that is identical to the core material 1 1 is reinforced with FRP by unidirectional, 
longitudinal fibers 1, wherein a long fiber 15 is arranged along the longitudinal direction of the 
composition material 10. Further, the density of these surface materials 12a, 12b is greater than 
that of the core material 1 1 . 

1 0 composite material 

1 1 core material 
12a surface material 
12b surface material 
15 long fiber 

12a 
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(Scope of the Patent's Claims) 
(Claim 1) 

A composite material, characterized by the fact that it is equipped with a core material 
that is made of thermosetting resin foam, and a surface material, so that at least one face side is 
laminated on this core material and integrated with the face side opposite thereto; 

wherein said surface material is made of a fiber-reinforced resin, reinforced by a long 
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fiber along the longitudinal direction of the surface material in the thermosetting fiber foam. 
(Claim 2) 

The composite material of claim 1 , characterized by the fact that a glass fiber is used for 
said long fiber; and that the content ratio of this long fiber is from 10 to 35 weight % of the total 
amount of the composite material; while the ratio of said surface material in the total amount of 
the composite material is from 30 to 70 volume %. 

(Claim 3) 

The composite material of claim 1 , characterized by the fact that at the most 50 weight % 
of a filler agent are added to said thermosetting resin foam. 

(Claim 4) 

The composite material of claim 1 , characterized by the fact that the hardness of the 
surface material at least on one side of the surface materials deployed on the upper side and on 
the lower side of said core material is less than 1 7 kgf 

(Claim 5) 

The composite material of claim 1 , characterized by the fact that the hardness of said core 
material is less than 17 kgf. 

(Claim 6) 

The composite material of claim 1 , characterized by the fact that an organic fiber is used 
as a reinforcing fiber in the surface material at least on one side in the surface materials deployed 
on the upper side and on the lower side of said core material. 

(Claim 7) 

The composite material of claim 1 , characterized by the fact that a mixture using a glass 
fiber and an organic fiber is used as a reinforcing fiber in the surface material at least on one side 
of the surface materials deployed on the upper side and on the lower side of said core material. 

(Detailed Explanation of the Invention) 

(0001) 

(Field of Industrial Use) 

The present invention relates to a composite material that is suitable for example as a 
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construction material, for instance in various types of frame boards and other construction 
materials, or that can be used for scaffold boards, for railroad crossties and for similar purposes. 

(0002) 

(Prior Art Technology) 

Although wood and concrete are materials that have been widely used as construction 
materials, it is often said that the problem with wood is that it is easily susceptible to rotting and 
damage, and that its physical properties can be damaged due to water absorption, while its 
durability characteristics are also inferior. A stable supply of wood is also a problem due to 
insufficient supplies of raw materials. Although concrete is a raw material that is easily available, 
unlike wood, the problem here is that concrete is very heavy. To deal with this problem, 
composite materials that are reinforced with longitudinal fibers containing a resin foam material 
have been proposed in the last few years, as one can see for example from Japanese Utility 
Model Application Number 61-23042. 

(0003) 

(Problems To Be Solved By This Invention) 

However, because the bending strength of the composite materials consisting of a simple 
foam resin and fibers of the type mentioned in connection with prior art was sometime not 
sufficient depending on what they were used for, characteristics such as the rigidity of such 
materials used in thick products, or their compression strength, weight, molding characteristics 
and the like still need to be improved. 

(0004) 

Further, since crossties employed in the composite materials used according to prior art 
for the railroad bed were rigid, it was difficult for gravel to cut into such materials and the 
crossties were prone to slippage sideways. This created problems related to lateral slippage 
because the centrifugal force is particularly strong especially when railroad cars are passing 
through the curves of a railroad. 

In addition, the processing characteristics of conventional composite materials were poor 
because a long time was required for processing, they suffered from extensive equipment 
damage, spraying of fine powder was generated during cutting, etc. Therefore, the purpose of 
this invention is to provide a composite material that is not only very light and highly rigid, but 
that is also highly resistant and offers superior processing characteristics, etc. 

(0005) 

(Means To Solve Problems) 
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In order the achieve the above mentioned objectives, the composite materia! developed 
according to this invention is created with the sandwich construction, equipped with a core 
material made of thermosetting resin foam, and with a surface material laminated in an 
integrated manner at least on one side face of this core material and on the opposite side face. 

(0006) 

Taking into consideration light weight characteristics, as well as physical properties and 
other characteristics, a rigid, urethane resin foam material, whose density is in the range of 0.4 - 
0.6 g/cm 2 is suitable for said core material. The density range is limited in this manner because a 
compression resistance that is identical to or better than that of wood and a lightweight design 
that is identical to or better than that of wood must be obtained. This core material can be also 
filled with a suitable filler agent. 

(0007) 

For the surface material is used a matrix containing the same thermosetting resin foam 
material as that of the core, and this matrix is filled with a unidirectional, longitudinal fiber made 
of glass, etc. The content amount of the fiber in the surface materials is in the range of 30 ~~ 50 
weight % and its density is in the range of 0.57 - 0.9 g/cm3. The range is limited in this manner 
because this range enables a sufficient bending strength in the vicinity of the surface of a 
material having a large distribution of bending strength, while the same lightweight design, etc., 
as that of wood can be achieved at the same time. A rigid urethane resin foam material that is 
identical to the core material is suitable for the resin to be employed in the surface material. For 
the long fiber can be used a suitable fiber such as a glass fiber, or a carbon fiber, or another 
suitable organic or synthetic fiber can be employed. Taking into account economic 
characteristics, the most suitable type of fiber, is a glass fiber. 

(0008) 

The composite ratio of said surface material and said core material, that is to say the ratio 
of the surface material and of the core material contained in the all of the composite material is 
30 ~ 70 volume % of the core material, while the fiber content amount in all of the composite 
material should be in the range of 10 - 35 weight %. Also, if the density of all of the composite 
material is less than 0.065 g/cm 3 , this makes it possible to achieve light weight that is 
comparable to that of wood. 

(0009) 

(Operation) 

The composite material of the present invention has a sandwich construction comprising 
a surface material having not only a light weight combined with a high rigidity and a high tensile 
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strength, but also a light weight that is identical to or better than that of wood and an excellent 
bending strength and compression strength, as well as high rigidity of the composite material. 
Moreover, it is as easy to drive nails into this material as when nails are driven into wood. 
Further, since the water absorption amount is very low, the physical properties of this material 
are stable and they can be easily maintained. Furthermore, because a sandwich construction is 
created comprising a core material and a surface material, this makes it possible to attain an 
optimal vibration absorption capacity, as well as sound proofing and heat insulating 
characteristics, which means that the product can be also manufactured with the required 
thickness of this product. 



The following is an explanation of one embodiment of the present invention based on the 
reference provided in the figures. As shown in the examples illustrated by Figure 1 and Figure 2, 
the composite material 10 of the present embodiment is formed with a sandwich construction, 
equipped with a core material 11, which is made of thermosetting resin foam material such as 
rigid urethane foam or a similar material, surface material 12a, laminated on one surface side of 
the core 1 1 (not shown in the figure), and surface material 12b, which is laminated on the 
opposite surface side (the lower surface side in the example shown in the figure). 



The surface materials 12a, 12b are fiber-reinforced synthetic resin materials (FRP), 
reinforced with long fiber 15 (shown only partially in the figure) which is drawn in one direction, 
containing a rigid resin urethane foam material or the like identical to the material used in the 
core material 1 1, while the long fiber 15 is arranged along the longitudinal direction of the 
composite material 10. Glass is suitable for the material of the long fiber 15 for economical 
reasons, although other materials can be also used, such as alamid fiber or another organic fiber, 
or carbon fiber or the like. The density of the surface materials 12a, 12b is greater than that of the 
core material 1 1. 



In order to manufacture said composite material, the aggregate of the long fiber 15 is 
arranged in a desired amount, for example inside a forming die for formation of surface material, 
and foam molding is performed so that the aggregate of this long fiber 15 is dipped in a raw 
material liquid of urethane resin foam. The density of the foam can be adjusted to any value 
corresponding to the amount of the raw material liquid, as well as to the foaming agent, etc. 



(0010) 
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(0011) 



(0012) 



(0013) 



After the surface materials 12a, 12b have been formed, they are arranged inside the 
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forming die and the urethane foam raw materia] liquid is injected into the die for the core 
material 1 1 and foam molding is performed so that surface materials 12a, 12b containing the core 
material 1 1, are formed in an integrated manner. Since the surface materials 12a, 12b are in this 
case mutually integrated via a urethane resin with the core material 1 1 during foam molding of 
the core material 11, there is no need to perform bonding operations during a separate slave. 



(0014) 



In addition, the core material 1 1 can be also formed in advance. In this case, the 
aggregate for the long fiber 15 is piled up in one direction in the longitudinal direction along 
both faces of the core material 11, formed inside the die, and the composite material is obtained 
with the sandwich construction, wherein the surface materials 12a, 12b are integrated with the 
core material 1 1 by performing foam molding inside a die that has been dipped in the raw 
material liquid of urethane resin foam material for the surface materials 12a, 12b of the aggregate 
of the long fiber 1 5. The density of the foam material can be adjusted also in this case to any 
value in accordance with the amount of the liquid, etc. 

(0015) 



It is further also possible to add at the most 50 weight % of a filler material that is easily 
available to said thermosetting resin foam. For the filler material can be used for example 
calcium carbonate, sawdust, or similar material. If the amount of the filler exceeds the above- 
mentioned range, the viscosity of the raw material liquid for the thermosetting resin foam will be 
increased, which will make the molding process difficult. It is therefore necessary not to exceed 
the values mentioned above. 



(0016) 



Table 1 below list the results of a comparative measurement of the physical properties of 
the composite material 1 0 (a product of the present invention) and of beach wood. Figures 3 and 
4 are graphs indicating the relationship between the specific gravity of the composite material 10 
and the bending characteristics. Beach wood is a material that is commonly used for crossties as 
well as for construction material. The dimensions of the test piece were as follows: both the 
width and the thickness was 30 mm, while the span was set to 420 mm. The thickness of the 
surface materials 12a, 12b was 7.5 mm. 
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(0017) 

(Table 1) 





Product of This Invention 


Beech Wood 


Fiber content ratio (Wt %) 


19 




Skin material density (g/cm'') 


0.77 




Core material density (g/cm') 


0.50 


- 


Core material composite ratio (Vol. %) 


50 




Material density (g/cm J ) 


0.64 


0.65 ~ 0.84 


Bending elastic modulus (KgCnW) 
(JISZ2113) 


710 


710 


Bending strength (Kgf/nW) 
(JISZ2113) 


9.3 


8.0 


Lateral compression ratio example (Kgf/nW) 
(JISZ211) 


1.2 


0.8 


Water absorption amount (g/cm 2 ) 
(JISZ2104) 


2 


140 



(0018) 



In addition, in the surface materials 12a, 12b can be also contained a fiber in a direction 
that is different from that of the long fiber 15. Further, the surface materials 12a, 12b can be also 
deployed on other surfaces than the two surfaces mentioned above, for example in the inner 
surface pari, etc. 

[page 4] 

(0019) 

When the composite material is utilized for a railroad bed, it is best to use a soft surface 
material 12 on the lower side. One means that can be employed for this purpose is an elastic 
urethane foam. Specifically, it is possible to use for example a means wherein a glass fiber is 
contained in the rigid urethane foam having a hardness of less than 17 kgf (based on the JISZ 
21 17 standard), or a means wherein a glass fiber is contained in a semi-rigid foam. In addition, it 
is also possible to use a design decreasing the content amount of the glass fiber. A combination 
of several such means can be also employed. 

(0020) 

When the hardness of the surface material 12b on the lower side is reduced in this 
manner, penetration of gravel in a railroad bed into the surface material 1 2b on the lower side is 
facilitated. Therefore, this makes it possible to prevent lateral slippage of a crosstie and to 
increase the vibration resistance capability. 
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(0021) 

Lateral slippage of crossties can be also prevented when a soft design of the core material 
1 1 is used. In concrete terms, one can use rigid urethane foam having a hardness of less than 17 
kgf (based on the J1SZ 21 1 7 standard), or semi-rigid urethane foam. In this case, the volume of 
the core material 1 1 should be less than 50%. In this manner, because the gravel on a railroad 
bed will be driven into the side face of an elastic core material 1 1 , lateral slippage of crossties 
can be prevented, while the vibration resistance capability is increased at the same time. 

(0022) 

In order to improve the processing characteristics of said composite material 10, a 
reinforcement fiber can be used in the surface materials 12a, 12b, and a soft organic fiber can be 
used instead of a rigid glass fiber, or it is also possible to use a mixture of a glass fiber with an 
organic fiber. Materials that are suitable for organic fibers are polyester fibers, as they make it 
possible to strike a good balance with respect to the cost-performance ratio, or cotton. As far as 
the mode of the fiber is concerned, while continuous mode is recommended, a short fiber longer 
than 20 mm can be also used. 

(0023) 

Since the quantity of a hard rigid glass fiber will be reduced if organic fibers are used as 
mentioned above, this provides for good processing characteristics. Because a front hole for 
driving in spikes can be formed up to the core material 1 1 in a railroad crosstie, and said organic 
fiber can be used on the upper side of the surface material 12a, the problem of processing 
characteristics can thus be resolved in this manner. 

(0024) 

In addition, although a sandwich construction with three layers comprising a core 
material 1 1 and surface materials 12a, 12b was employed in each of the embodiments above, it is 
also possible to realize the present invention with a sandwich construction having 4 or more 
layers, depending on the case. 

(0025) 

(Effect of the Invention) 

The composite material of the present invention makes it possible to provide a material 
that is as light as or lighter than wood, which has a high rigidity and optimal durability, while 
making it possible to reduce the amount of absorbed water, as well as to maintain stable physical 
property values. Moreover, since the processing is easy and nails can be driven into the material 
thanks to the excellent soundproofing, vibration resistance and thermal insulation characteristics, 
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the composite material displays an excellent overall effect. 
(Brief Explanation of Figures) 
(Figure 1) 

A perspective view of a composite material showing one embodiment of the present 
invention. 

(Figure 2) 

A profile view of the composite material shown in Figure 1 . 
(Figure 3) 

A graph indicating the relationship between the specific gravity and the bending elastic 
modulus of a composite material according to this invention. 

(Figure 4) 

A graph indicating the relationship between the specific gravity and the bending strength 
of a composite material according to this invention. 

(Explanation of Symbols) 

10 ... composite material, 11 ... core material, 12a, 12b ... surface materials, 15 ... long 

fiber. 

(Procedural Amendment) 
(Filing Date) March 1 1, 1992 
(Procedural Amendment 1) 

(Name of the Subject Document for Amendment) Specifications 
(Names of Items for Amendment) Scope of the Patent's Claims 
(Amending Method) Change 
(Amendment Content) 
(Scope of the Patent's Claims) 
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(Claim 1) 



A composite material, characterized by the fact that that it is equipped with a core 
material that is made of thermosetting resin foam only, or includes a filler , and a surface 
material, so that at least one face side is laminated on this core material and integrated with the 
face side opposite thereto; 

wherein said surface material is made of a fiber-reinforced resin, reinforced by a long 
fiber along the longitudinal direction of the surface material in the thermosetting fiber foam. 

(Claim 2) 

The composite material of claim 1 , characterized by the fact that a glass fiber is used for 
said long fiber; and that the content ratio of this long fiber is from 10 to 35 weight % of the total 
amount of the composite material; while the ratio of said surface material in the total amount of 
the composite material is from 30 to 70 volume %. 

(Claim 3) 

The composite material of claim 1, characterized by the fact that at the most 50 weight % 
of a filler material are added to said thermosetting resin foam. 

(Claim 4) 

The composite material of claim 1, characterized by the fact that an organic fiber is used 
as a reinforcing fiber in the surface material at least on one side in the surface materials deployed 
on the upper side and on the lower side of said core material. 

(Claim 5) 

The composite material of claim 1, characterized by the fact that a mixture comprising an 
organic fiber and a glass fiber is used as a reinforcing fiber in the surface material at least on one 
side in the surface materials deployed on the upper side and on the lower side of said core 
material. 

(Procedural Amendment 2) 
(Name of Amended Document) Specifications 
(Item Subject to Amendment) 0005 
(Amending Method) Change 
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(Amendment Content) 
(00005) 

(Means To Solve Problems) 

In order the achieve the above mentioned objectives, the composite material developed 
according to this invention is created as a sandwich construction equipped with a core material 
made of thermosetting resin foam only, or containing a filler , and with a surface material 
laminated in an integrated manner at least on one side face of this core material and on the 
opposite side face. 

(Procedural Amendment 3) 

[page 5] 

(Name of Amended Document) Specifications 
(Item Subject to Amendment) 0015 
(Amending Method) Change 
(0015) 

It is further also possible to add at the most 50 weight % of a filler material that is easily 
available to said thermosetting resin foam. For the filler material can be used for example 
calcium carbonate, sawdust, or a short glass fiber having a length from 10 mm - 50 mm, or 
similar material. If the amount of the filler exceeds the above-mentioned range, the viscosity of 
the raw material liquid for the thermosetting resin foam will be increased which will make the 
molding process difficult. It is therefore necessary not to exceed the values mentioned above. 

(Procedural Amendment 4) 

(Name of Amended Document) Specifications 

(Item Subject to Amendment) 0019 

(Amending Method) Change 

(0019) 

When the composite material is employed for railroad bed, it is best to use a soft surface 
material 12 on the lower side. One means that can be used for this purpose is elastic urethane 
foam. Specifically, it is possible to use for example a means wherein a glass fiber is contained in 

12 



the rigid urethane foam having a hardness of less than 1 .7 kgf/mm 2 (based on the JISZ 21 17 
standard), or a means wherein a glass fiber is contained in semi-rigid foam. In addition, it is also 
possible to use a design decreasing the content amount of the glass fiber. A combination of 
several such means can be also employed. 

(Procedural Amendment 5) 

(Name of Amended Document) Specifications 

(Item Subject to Amendment) 0021 

(Amending Method) Change 

(0021) 

Lateral slippage of crossties can be also prevented when a soft design of the core material 
1 1 is utilized. In concrete terms, one can use rigid urethane foam, which has a hardness of less 
than 1.7 kgf/mm 2 (based on the JISZ 2117 standard), or semi-rigid urethane foam. In this case, 
the volume of the core material 1 1 should be less than 50%. In this manner, because the gravel 
on a railroad bed will be driven into the side face of an elastic core material 1 1 , lateral slippage 
of crossties can be prevented, while the vibration resistance capability is increased at the same 
time. 



(Procedural Amendment) 

(Filing Date) December 10, 1992 

(Procedural Amendment 1) 

(Name of Amended Document) Figures 

(Items Subject to Amendment) All Figures 

(Amendment Content) 

Figure 1 and Figure 2 
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(Figure 1) (Figure 2) 

1 0 composite material 

1 1 core material 

1 2a surface material 
1 2b surface material 
1 5 long fiber 
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(Figure 3 and Figure 4) 
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(Figure 3) 



1 bending elastic modulus (kgf/mm 2 ) 

2 o: composite material of this invention 

3 • : beech wood material 

4 specific gravity 

(Figure 4) 

5 bending elastic modulus (kgf/mm 2 ) 

6 A: composite material of this invention 

7 beech wood material 

8 specific gravity 
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